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(54) Title: PROCESS FOR THE C ARB ON YL ATION OF OXIRANES 

(57) Abstract: A process is described for the carbonylation of an oxirane, such as ethylene oxide, which comprises reacting the 
oxirane under carbonylation conditions with carbon monoxide in a solvent, such as alkanol, for example methanol, in the presence of 
a cobalt catalyst and of an N-alkylated azole promoter, such as 1-methylpyrazole, and recovering the resulting carbonylation product, 
such as an alkyl ester of 3 -hydroxy propionic acid, for example methyl 3-hydroxypropionate. 
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PROCESS FOR THE CARBONYL AT I ON OF OXIRANES 

This invention relates to a process for the 
carbonylation of oxiranes. 

Propane-1, 3-diol is used as an intermediate in the 
5 production of polyesters for production of fibres or films. 
It can be produced from glycerol using recombinant bacteria 
expressing recombinant diol dehydratase. Such a process is' 
taught in United States Patent Specification No. 5,821,092. 
It has also been proposed to subject acrolein to 
10 hydration so as to form 3-hydroxypropanal which is then 
hydrogenated to produce propane-1, 3-diol . In this 
connection reference may be made to United States Patent 
Specification No. 5,364,987. 

Both glycerol and acrolein are, however, generally 
15 relatively expensive. Accordingly methods have been 

developed for production of propane-1 , 3-diol using the more 
readily available and cheaper starting material, ethylene 
oxide . 

Thus it is known to effect carbonylation of an oxirane, 
20 such as ethylene oxide, to produce a precursor suitable for. 
conversion to a diol, such as propane-1 , 3-diol . For 
example, a two-step process has been proposed for the 
production of propane-1, 3-diol, in which ethylene oxide is 
subjected to an oxonation reaction followed by 
25 hydrogenation: 

O 

/ \ + H 2 + CO HOCH 2 CH 2 CHO 

CH 2 — CH 2 



30 



HOCH 2 CH 2 CHO + H 2 ► HOCH 2 CH 2 CH 2 OH 

United States Patent Specification No. 5,981,808 
describes the use of a non-phosphine-ligated cobalt compound 
as oxonation catalyst in an essentially non-water-miscible 
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solvent followed by water extraction to separate the 
catalyst from the 3-hydroxypropanal produced as oxonation 
product. The aqueous mixture containing the 3- 
hydroxypropanal is then subjected to hydrogenation . 
5 United States Patent Specification No. 5, 585,528 

proposes addition of a lipophilic tertiary amine as a 
promoter in such a process. 

Use of methyl t-butyl ether for extraction of the 
aqueous mixture to recover cobalt catalyst for re-use is 
10 described in United States Patent Specification No. 
5,770,776. 

United States Patent Specification No. 5,786,524 
teaches a similar process and proposes the use of a rhodium 
catalyst as an alternative catalyst in the oxonation step. 

15 It has also been proposed to combine the oxonation and 

hydrogenation steps into a one-step process with, it is 
claimed, minimal production of 3-hydroxypropanal as 
byproduct. Such a one-step process can be effected using a 
phosphine complex of cobalt carbonyl as the major catalyst 

20 ingredient. However, the use of a ruthenium compound as 

catalyst has also been proposed. An organic solvent is used 
in the reaction enabling a water extraction to be used in 
order to separate propane-1 , 3-diol from the oxonation 
mixture. Ethylene oxide conversions of 55% with a 

25 selectivity towards propane-1, 3-diol of 87% are reported. 

United States Patents Nos . 5,310,948 and 5,359,081 
teach formation of (3-propiolactone or polymers thereof by 
reaction of carbon monoxide and ethylene oxide in the 
presence of a cobalt-containing catalyst system comprising a 

30 source of cobalt and a hydroxyl-substituted pyridine. The 
reaction is: 
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o 




+ ....-[0-CH 2 -CH 2 -CO] n - 



CH2"™CH2 



United States Patent Specification No. 3,260,738 
proposes a process for the production of hydracrylate 
esters, such as methyl 3-hydroxypropionate, by carbonylation 
of ethylene oxide using a cobalt carbonyl catalyst. A 
primary monohydric alcohol is used as solvent and reactant 
with or without the presence of a hydrocarbon co-solvent. A 
ligand promoter may be used to stabilise the metal of the 
catalyst. A co-catalyst may be used, preferred co-catalysts 
being tertiary amines, such as pyridine, N, N-benzyldimethyl- 
amine, and N-methylpyrrolidine . 

United States Patent Specification No. 5,731,255 
discloses a catalytic system for carbonylation of an 
olefinic or acetylenic compound, such as propyne, which 
comprises a Group VIII metal source supported on a carrier, 
a ligand, and an acid. Cobalt is mentioned as a suitable 
Group VIII metal, while the ligand can be a phosphine, such 
as triphenylphosphine . It is suggested that an electron 
donative compound can optionally be added. Amongst a long 
list of possible electron donative compounds there are 
mentioned imidazole and 1-methylimidazole, although no 
experimental results using these compounds are given. This 
document also discloses an alternative form of catalyst 
which comprises a Group VIII metal (except palladium) , a 
ligand, such as a phosphine, an electron donative compound, 
and optionally an acid. 

United States Patent Specification No. 4,407,726 
proposes preparation of a carboxylic acid, such as propionic 
acid, by carbonylation of an olefin, such as ethylene, in 
the presence of water by the use of a molybdenum-nickel or 
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tungsten-nickel co-catalyst in the presence of a promoter 
comprising an organo-phosphorus compound or an organo- 
nitrogen compound wherein the phosphorus and nitrogen are 
trivalent and in the presence of a halide. Imidazole is 
5 included in a list of organo-nitrogen compounds but no 

experimental results are given using imidazole as promoter. 

In United States Patent Specification No. 5,442,107 
there is described a process for preparing a carboxylic acid 
having (n + 1) carbon atoms (for example, acetic acid) from 

10 an alkanol having n carbon atoms (for example, methanol) by 
liquid phase, rhodium catalysed carbonylation. The process 
is stabilised by using a catalyst stabiliser such as the 
quaternised forms of 4 -methyl imidazole and 2-ethyl-4- 
methylimidazole . Evidence is also provided that too much 

15 precipitation of rhodium occurs when the quaternised forms 
of N-methyl imidazole, imidazole, 2-ethylimidazole, 
ben z imidazole , or 1 , 2-dimethylimidazole are used. 

Japanese Published Patent Specification No, 63170338 
discloses a method of producing a malonic ester by the 

20 cobalt catalysed carbonylation of dichloromethane by 

reaction with carbon monoxide and an alcohol in the presence 
of imidazole as a promoter. Under the reaction conditions 
used the promoter is converted to the corresponding 
quaternary ammonium iodide. 

25 United States Patent Specifications No. 4,973,741 

teaches a process for producing a p-hydroxyester or (3- 
hydroxyaldehyde product from ethylene oxide, carbon monoxide 
and, optionally, hydrogen, using as catalyst a catalyst 
comprising rhodium, ruthenium, and a Group Va promoter, such 

30 as triethylamine, or a, a' -bipyridyl . Other amines mentioned 
include tertiary alkyl amines, cyclic tertiary amines, such 
as N-methyl piperidine and N-methylpyrrolidine, tertiary 
aromatic amines, and mixed alkyl, aromatic, and alkyl- 
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aromatic amines and pyridines. The catalyst used in this 
process forms the subject of United States Patent 
Specification No- 5,135,901. 

United States Patent Specification No. 5,053,562 
5 discloses a process for manufacturing 1,3-glycols which 
comprises reacting an epoxide with synthesis gas in the 
presence of rhodium, a phosphine, and a lower alkyl iodide 
or f>-hydroxy lower alkyl iodide. 

United States Patent Specification No. 3,028,417 

10 teaches that, for cobalt carbonylation of epoxides in 

alcoholic solutions, the carbon monoxide gas should be free 
of gases which might enter into conflicting reactions 
involving their condensation with carbon monoxide onto the 
epoxy compound. Such gases include hydrogen gas. It is, 

15 however, stated that a certain amount of hydrogen may be 
present . 

In a paper entitled "Fundamental metal carbonyl 
equilibria, V: Reinvestigation of the equilibrium between 
dicobalt octacarbonyl and cobalt tetracarbonyl hydride under 
20 hydrogen pressure", published in Journal of Organometallic 
Chemistry, 570 , 39-47 (1998), R. Tannenbaum et al. discuss 
an equilibrium constant: 

K = — \ : il (jnoi, r\ bar' 1 ) 

p [Co 2 (CO) s l . PH 2 

which determines the formation of the catalytic species, 
believed to be HCo(CO) 4 , in both hydrof ormylation and 
25 carbonylation reactions. Use of the equilibrium constant 
enables the prediction that the effect of pH 2 has on the 
formation of the HCo(CO) 4 species which thus determines the 
rate of reaction. 

A. Matsuda reports in a paper entitled "The cobalt 
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carbonyl-catalyzed hydroesterif ication of acrylonitrile with 
carbon monoxide and methanol in the presence of a small 
amount of hydrogen and a limited amount of pyridine", Bull. 
Chem. Soc. Japan, 40., 135-144 (1967), that the cobalt 
5 carbonyl-catalysed reaction was successfully carried out in 
the presence of a small amount of hydrogen and a limited 
amount of pyridine to form methyl esters of a- and (3- 
cyanopropionic acids, the former in a larger amount than the 
latter . 

10 The same author reports in a paper entitled "The cobalt 

carbonyl-catalyzed hydroesterif ication of 3-{|3- 
cyanoethoxy) propene with carbon monoxide and methanol", 
Bull. Chem. Soc. Japan, 42, 2596-2599 (1969), that in the 
presence of a small amount of hydrogen, methyl 4- ( (3- 
15 cyanoethoxy) butyrate is produced in a much larger amount 
than methyl 2-methyl-3- ( (3-cyanoethoxy) propionate . The 
reaction is enhanced by the addition of palladium chloride. 

F. Pesa and T. Haase in an article entitled "The cobalt 
catalysed hydroesterif ication of acrylonitrile", Journal of 
20 Molecular Catalysis, 18., 237-249, (1983), investigated the 
hydroesterif ication of acrylonitrile with carbon monoxide 
and methanol in the presence of hydrogen, using N,N,N'N'- 
tetramethylpropanediamine as promoter in conjunction with 
Co 2 (CO) 8 as catalyst. They reported high yields of methyl 3™ 
cyanopropionate and/or methyl 2-cyanopropionate . 

It is an objective of the present invention to provide, 
an improved process for the production of precursors 
suitable for subsequent conversion to propane-1 , 3-diol . In 
addition the present invention seeks to provide an improved 
process for effecting carbonylation of an oxirane in the 
presence of a solvent, such as an alkanol. 

According to the present invention there is provided a 
process for the carbonylation of an oxirane which comprises 
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reacting the oxirane under carbonylation conditions with 
carbon monoxide in a solvent in the presence. of a cobalt 
catalyst and of an N-alkylated azole promoter, and 
recovering the resulting carbonylation product. 
5 The solvent is non-aqueous and may comprise an alkanol, 

preferably a substantially anhydrous alkanol, in which case 
the carbonylation product comprises an alkyl ester of an 
optionally substituted 3-hydroxypropionic acid. 

Alternatively the solvent can be an inert aprotic 
10 solvent, such as a hydrocarbon or an ether, for example, 
1, 2-dimethoxyethane, in which case the product is a f3- 
lactone . 

The carbonylation product thus comprises a cyclic or 
linear ester of an optionally substituted 3-hydroxypropionic 
15 acid. 

As examples of N-alkylated azoles which can be used in 
the process of the invention there can be mentioned 
pyrazoles of the formula: 



20 



25 



30 
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In the above formulae (I) and (II) 
R ± is an alkyl group; 

R 2 is a hydrogen atom, a hydroxy group, an alkyl group, 
a hydroxyalkyl group, an alkoxy group, an alkoxycarbonyl 
5 group, an aryl group, or an optionally substituted amide 
group; 

R 3 is a hydrogen atom, a hydroxy group, an alkyl group,, 
a hydroxyalkyl group, an alkoxy group, an alkoxycarbonyl 
group, an aryl group, or an optionally substituted amide 
10 group; 

R 4 is a hydrogen atom, a hydroxy group, an alkyl group, 
a hydroxyalkyl group, an alkoxy group, an alkoxycarbonyl 
group, an aryl group, or an optionally substituted amide 
group; and 

15 R 5 is a hydrogen atom, a hydroxy group, an alkyl group, 

a hydroxyalkyl group, an alkoxy group, an alkoxycarbonyl 
group, an aryl group, or an optionally substituted amide 
group; or 

R 4 and R 5 , together with the atoms to which they are 
20 attached, form an optionally substituted carbocyclic or 
heterocyclic ring system. 

In formulae (I) and (II) each alkyl or alkoxy group 
preferably contains from 1 to about 6 carbon atoms, more 
preferably 1 or 2 carbon atoms, and may be a straight chain 
25 group or a branched chain group. Suitable alkyl groups 

include methyl, ethyl, n-propyl, iso -propyl , n-butyl, iso - 
butyl, jb-butyl, and pentyl, and the like, while suitable 
alkoxy groups include methoxy, ethoxy, n-propoxy, iso- 
propoxy, n-butoxy, iso-butoxy, t-butoxy, and pentoxy, and 
30 the like. 

Examples of suitable aryl groups include phenyl, o- 
tolyl, m-tolyl, g-tolyl, o-methoxyphenyl, m-methoxyphenyl, 
jo-methoxyphenyl, o-ethoxyphenyl, .m-ethoxyphenyl, p- 
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ethoxyphenyl, naphthyl-1, and naphthyl-2, and the like. 

Suitable optionally substituted amide groups include 
-CONH 2 , -CONH(CH 3 ) )/ -CON{CH 3 ) 2 , -CONHCH 2 CH 3 , -CON (CH 2 CH 3 ) 2/ and 
-CONHC 6 H 5 , and the like. 

Preferred N-substituted azoles include N-alkylated 
pyrazoles, N-alkylated imidazoles, N-alkylated 
benzimidazoles , and N-alkylated benzopyrazoles, and the 
like. 

Specific N-alkylated azoles which can be used include 
1-methylpyrazole, 1-ethylpyrazole , 1-iso-propylpyrazole , 1- 
n-butylpyrazole, t-butylpyrazole, 1-pentylpyrazole, 1,3,5- 
trimethylpyrazole, 1 -methyl imida z ol e , 1-ethylimidazole, 1- 
iso -propvlimidazole, 1-n-butylimidazole , ,1-t-butylimidazole, 
1-pentylimidazole, and the like. 

The oxirane is preferably an optionally substituted 
oxirane of the formula: 



wherein 

X x is a hydrogen atom, an alkyl group, or a phenyl 
group; 

X 2 is a hydrogen atom, an alkyl group, or a phenyl 
group; 

X 3 is a hydrogen atom, an alkyl group , or a phenyl 
group; and 

X 4 is a hydrogen atom, an alkyl group, or a phenyl 
group; or 

X x and X 3 , or X 2 and X 4 , together form a five membered or 
six membered carbocyclic or heterocyclic ring. 




X 4 
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Particularly preferred oxiranes are ethylene oxide, 
propylene oxide, styrene oxide, 1 , 2-epoxyhexane, 1,2- 
epoxyoctane, and cyclopentene oxide, and the like. 

In a particularly preferred process according to the 
5 invention a gaseous mixture comprising carbon monoxide and 
hydrogen is used which contains up to about 10% by volume of 
hydrogen. In such a gaseous mixture the hydrogen : carbon 
monoxide molar ratio typically ranges from about 1:10 and 
about 1:100. Good results are observed when using such a 
10 gaseous mixture when the promoter is an N-alkylated 
imidazole. 

As alkanol solvent there is preferably used an alkanol 
which contains from 1 to about 6 carbon atoms . Preferred 
alkanols include methanol, ethanol, n-propanol, iso - 

15 propanol, and n-butanol, and the like. 

The carbonylation conditions preferably include use of 
a pressure in the range of from about 200 psig (about 1.38 
MPa gauge) to about 3000 psig (about 20.68 MPa gauge), for 
example from about 8 00 psig (about 5.52 MPa gauge) to about 

20 1200 psig (about 8.27 MPa gauge). Preferably also the 

carbonylation conditions include use of a temperature in the 
range of from about 50°C to about 150°C, for example from 
about 60°C to about 100°C. More preferably the pressure is 
in the range of from about 200 psig (about 1.38 MPa gauge) 

25 to about 900 psig (about 6.21 MPa gauge) . More preferably 
also the temperature is in the range of from about 85 °C to 
about 100°C. 

The ratio of the N-alkylated azole to cobalt preferably 
is within the range of from about 0.1 moles to about 200 
30 moles, more preferably from about 1 moles to about 5 moles, 
of N-alkylated azole promoter per mole of cobalt. 

The cobalt can be introduced into the reaction in the 
form of a source of cobalt, such as cobalt (II) acetate, 
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cobalt carbonyl, cobalt hydroxide, cobalt acetyl acetonate, 
cobalt nitrate, and the like, which can be converted into a 
catalytic species effective for the desired carbonylation 
reaction. This catalytically active species . is believed to 
5 be derived from dicobalt octacarbonyl, Co 2 (CO) 8 , under 
moderate carbon monoxide pressure. 

In the process of the invention it is possible to use 
dicobalt octacarbonyl or another cobalt carbonyl but it is 
well known that the use of cobalt carbonyls requires special 

10 safety and handling measures, particularly in commercial 

units. However, other cobalt salts, such as cobalt acetate, 
cobalt hydroxide, cobalt acetyl acetonate, cobalt nitrate, 
and the like, can alternatively be used as a catalyst 
precursor because they can be readily carbonylated in the 

15 presence of carbon monoxide under elevated pressure. It is 
preferred to effect the catalyst preparation step in the 
absence of the oxirane because it then becomes possible 
during conversion of a cobalt salt to an active cobalt 
carbonyl catalytic species to use a higher temperature than* 

20 is optimal for carbonylation of the oxirane. 

The active catalytic species is normally soluble in the 
reaction medium so that it can be used in a homogeneous 
reaction. However, it can alternatively be absorbed or 
adsorbed on a solid carrier, thereby making a gaseous 

25 reaction possible. 

Apart from the cobalt carbonyl catalytic species and 
the N-alkylated azole, no other catalyst components are 
required. In particular, no triphenylphosphine or other 
ligand needs to be utilised in the process of the invention. 

30 In the catalyst preparation step the source of cobalt 

is preferably added in the form of a pre-f ormed complex with 
the N-alkylated azole. 

It has further been found that, in the carbonylation of 
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an epoxide, such as ethylene oxide, using an N-alkylated 
imidazole, such as 1-methylimidazole, the selectivity to the 
desired product, e.g. methyl 3-hydroxypropionate, is 
significantly improved if carbonylation is effected in the 
5 presence of a mixture of carbon monoxide and a minor amount 
of hydrogen. Besides improving the selectivity to the 
desired product, it has also been found that, in the 
carbonylation of ethylene oxide using 1-methylimidazole as 
co-catalyst, the presence of a minor amount of hydrogen in 
• 10 the carbonylation reaction also enhances the reaction rate, 
The improved selectivity to methyl 3-hydroxypropionate 
results in a product that contains at most a minor amount of 
aldehyde by-product- Typically the amount of hydrogen in 
the mixture of carbon monoxide does not exceed about 10% by 
15 volume and is, in any case, significantly less than the 

stoichiometric amount required to effect hydrof ormylation, 
rather than carbonylation, of the epoxide- Preferably the 
hydrogen : carbon monoxide molar ratio is from about 1:10 and 
about 1:100. 

20 In a particularly preferred process the oxirane is 

ethylene oxide, the solvent is methanol, and the resulting 
carbonylation product comprises methyl 3-hydroxypropionate. 
If methanol is replaced by another alkanol, for example n- 
propanol, then the corresponding ester, for example n-propyl 

25 3-hydroxypropionate, is produced. If the oxirane is 
propylene oxide and the alkanol is methanol, then the 
product comprises a mixture of methyl 4-hydroxybutyrate and 
methyl 3-hydroxy-2 -methylpropionate . 

The products of the process may be recovered from the 

30 reaction product mixture by conventional methods, such as 
fractional distillation or extractive distillation - 
Addition of a solvent, such as di-n-butyl phthalate, may aid 
in the product recovery step or steps by providing a medium 
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for retention of the catalyst once the product or products 
and any remaining reactants have been removed. 

The invention is further illustrated in the following 
Examples . 
5 Example 1 

A 1 litre autoclave was purged with about 50 litres 
(measured at 0°C and 100 kPa) of carbon monoxide. In a 
separate container 3.3 g of cobalt acetate tetrahydrate 
(0.0132 moles) was dissolved in 500 ml of methanol and then 
4.4 g of 1-methylpyrazole (0.053 moles) was added to the 
resultant solution with stirring. This methanolic solution 
was then loaded into the autoclave, stirred at 600 to 8 00 
rpm, pressurised to 500 psig (3.45 MPa gauge) with carbon 
monoxide and heated to 185 °C whereupon a pressure of about 
1000 psig (about 6.89 MPa gauge) developed. After two hours 
the autoclave was cooled to 85°C and the autoclave pressure 
was set to 900 psig (6.21 MPa gauge) with carbon monoxide. 
100 g of ethylene oxide was then pumped into the autoclave. 
During the course of the reaction the pressure was 
maintained at 900 psig (6.21 MPa gauge) by the addition of 
carbon monoxide. After 12 hours the autoclave was cooled 
and the gases were gently vented. The product and catalyst 
residue were recovered as a deep red liquid. This liquid 
was analysed by gas chromatography using a Perkin-Elmer gas 
chromatograph having a split injector and a flame ionisation 
detector with helium as carrier gas at a pressure of 12 psig 
(82.74 kPa gauge) and with a CP Sil 8CB column 50 m long 
with a diameter of 0.32 mm and with a phase thickness of 1.2 
jam. A temperature programme was used which consisted of the 
following steps: 

1. hold at 40°C for 15 minutes; 

2. heat at 8°C per minute to 160°C; 

3. hold at 160°C for 5 minutes; 
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4. heat at 30°C per minute to 280°C; and 

5. hold at 280°C for 20 minutes. 

The results set out in the Table were obtained. 
Example 2 

5 The procedure of Example 1 was repeated using 0.05 

moles of 1-methylimidazole in place of the 0.053 moles of 1- 
methylpyrazole . The results obtained are set out in the 
Table . 
Example 3 

10 Instead of using 1-methylpyrazole in the procedure of 

Example 1, an equivalent amount of 1, 3, 5-trimethylpyrazole 
was used with the results listed in the Table. 

Example 4 (Comparative) 

The procedure of Example 1 was repeated but no 

15 promoter, such as 1-methylpyrazole, was added. Again, the 
results are given in the Table, o The selectivity to methyl 
3-hydroxypropionate dropped significantly. 
Example 5 (Comparative) 

Following the same procedure used in Example 1, but 

20 using pyrazole in place of 1-methylpyrazole, little or no 
methyl 3-hydroxypropionate was observed in the product. 
Instead the major products were methyl formate and 2- 
methoxyethanol . 
Example 6 (Comparative) 

25 When imidazole was used in place of 1-methylpyrazole in 

the procedure of Example 1, there was a significant drop in 
the selectivity of the reaction to the desired carbonylation 
product, methyl 3-hydroxypropionate. As in Example 5, the 
major products were methyl formate and 2-methoxyethanol . 

30 Example 7 (Comparative) 

Upon replacing 1-methylpyrazole in the procedure of 
Example 1 by 2-methylimidazole it was again observed that 
little or no methyl 3-hydroxypropionate was formed, the 
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major products being methyl formate and 2-methoxyethanol . 
Example 8 

This Example illustrates the usefulness of hydrogen in 
the reactor at promoting the reaction. The procedure of 
5 Example 1 was repeated, except that 0.05 mols of 1- 

methylimidazole was added instead of 1-methylpyrazole . 
After the reactor had been pressurised to 520 psig (3.59 MPa 
gauge) with carbon monoxide, 20 psig (0.14 MPa gauge) of 
hydrogen was added before heating the autoclave to 185°C. 
10 The amount of ethylene oxide added was 75 g (rather than 100 
g as in Example 1) . 
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TABLE 



hUJ \ CJ. ILL -J— 


Promoter 


Wt % Selectivity to HMP 


Wt % of HCOOMe 


1 


1^-meth.ylpyrazole 


71 


<1 


2 


1 — me t h.y 1 imi da z o 1 e 


58 


<1 


3 


1,3, 5-trimethylpyrazole 


69 


<1 


4 


No promoter 


45 


<1 


5 


pyrazole 


<2 


41 


6 


imidazole 


<2 


49 


7 


2 -methyl imidazole 


<2 


30 


8 


1-methylimidazole 


90 


<1 



Notes: 1. HMP means methyl 3-hydroxypropionate 

2 . HCOOMe means methyl formate 
It will be observed from these results that it is 

15 important that the azole promoter used bears an N-alkyl 

substituent. In Comparative Examples 5 to 7, in which no N- 
alkyl substituent is present in the azole promoter, the 
selectivity to the desired product, methyl 3- 
hydroxypropionate, was less than 2%. On the other hand 

20 significantly higher selectivities to methyl 3- 

hydroxypropionate are observed when an N-alkylated azole is 
used, as is demonstrated by Examples 1 to 3 . Example 8 
illustrates the benefit of the presence of a small amount of 
hydrogen upon the reaction, the selectivity to methyl 3- 

25 hydroxypropionate in this case rising from 58%, as in 
Example 2, to 90%. 
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CLAIMS : 

1. A process for the carbonylation of an oxirane which 
comprises reacting the oxirane under carbonylation 
conditions with carbon monoxide in a solvent in the presence 
of a cobalt catalyst and of an N-alkylated azole promoter, 
and recovering the resulting carbonylation product. 

2. A process according to claim 1, wherein the oxirane is 
an optionally substituted oxirane of the formula: 



wherein 

X x is a hydrogen atom, an alkyl group, or a phenyl 
group; 

X 2 is a hydrogen atom, an alkyl group, or a phenyl 
group; 

X 3 is a hydrogen atom, an alkyl group, or a phenyl 
group; and 

X 4 is a hydrogen atom, an alkyl group, or a phenyl 
group; or 

X x and X 3 , or X 2 and X 4 , together form a five membered or 
six membered carbocyclic or heterocyclic ring. 

3. A process according to claim 2, wherein the oxirane is 
selected from ethylene oxide, propylene oxide, styrene 
oxide, 1, 2-epoxyhexane, 1 , 2-epoxyoctane, and cyclopentene 
oxide . 

4. A process according to any one of claims 1 to 3, 
wherein the carbonylation conditions include use of a 
pressure in the range of from about 200 psig (about 1.38 MPa 
gauge) to about 3000 psig (about 20.68 MPa gauge) and of a 



Xi 




(HI) 



X4 
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temperature in the range of from about 50°C to about 150°C. 

5. A process according to claim 4, wherein the pressure is 
in the range of from about 200 psig (about 1-38 MPa gauge) 
to about 900 psig (about 6.21 MPa gauge) and the temperature 

5 is in the range of from about 60°C to about 100°C. 

6. A process according to any one of claims 1 to 5, 
wherein the promoter is selected from pyrazoles of the 
formula : 



10 




* 

and imidazoles of the formula: 



20 




25 wherein 

R a is an alkyl group; 

R 2 is a hydrogen atom, a hydroxy group , an alkyl group, 
a hydroxyalkyl group, an alkoxy group, an alkoxycarbonyl 
group, an aryl group, or an optionally substituted amide 
30 group; 

R 3 is a hydrogen atom, a hydroxy group, an alkyl group, 
a hydroxyalkyl group, an alkoxy group, an alkoxycarbonyl 
group, an aryl group, or an optionally substituted amide 
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group ; 

R 4 is a hydrogen atom, a hydroxy group, an alkyl group 
a hydroxyalkyl group, an alkoxy group, an alkoxycarbonyl 
group, an aryl group, or an optionally substituted amide 
5 group; and 

R 5 is a hydrogen atom, a hydroxy group, an alkyl group 
a hydroxyalkyl group, an alkoxy group, an alkoxycarbonyl 
group, an aryl group, or an optionally substituted amide 
group; or 

10 R 4 and R 5 , together with the atoms to which they are 

attached, form an optionally substituted carbocyclic or 
heterocyclic ring system. 

7. A process according to claim 6, wherein the promoter i 
selected from 1-methylpyrazole, 1-ethylpyrazole, 1- iso - 

15 propylpyrazole, 1-n-butylpyrazole, 1-t-butylpyrazole, 1- 

pentylpyrazole, 1,3, 5-trimethylpyrazole, 1-methylimidazole, 
1-ethylimidazole, 1- iso -propyl imidazole , 1-n-butyl imidazole 
1-t-butylimidazole , and 1-pentylimidazole . 

8. A process according to any one of claims 1 to 7, 
20 wherein from about 0.1 moles to about 200 moles of N- 

alkylated azole promoter are present per mole of cobalt. 

9. A process according to claim 8, wherein from about 1 
moles to about 5 moles of N-alkylated azole promoter are 
present per mole of cobalt. 

25 10. A process according to any one of claims 1 to 9, 
wherein the reaction mixture further comprises a minor 
amount of hydrogen. 

11. A process according to claim 10, wherein a gaseous 
mixture comprising carbon monoxide and hydrogen is used 

30 which contains up to about 10% by volume of hydrogen. 

12. A process according to claim 11, wherein the 
hydrogen : carbon monoxide molar ratio in the gaseous mixture 
is from about 1:10 and about 1:100. 
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13. A process according to any one of claims 10 to 12 , 
wherein the promoter is an N-alkylated imidazole. 

14. A process according to any one of claims 1 to 13, 
wherein the solvent comprises an alkanol and wherein the 

5 carbonylation product comprises an alkyl ester of an 
optionally substituted 3-hydroxy-propionic acid. 

15. A process according to claim 14, wherein the alkanol is 
selected from methanol, ethanol, n-propanol, iso-propanol , 
and n-butanol . 

10 16. A process according to claim 14 or claim 15, wherein 

the oxirane is ethylene oxide, the alkanol is methanol, and 
the resulting carbonylation product comprises methyl 3- 
hydroxypropionate . 

17. A process according to any one of claims 1 to 13, 

15 wherein the solvent is an inert aprotic solvent and wherein 
the carbonylation product comprises a p-lactone. 

18. A process according to claim 17, wherein the aprotic 
inert solvent is a hydrocarbon or an ether. 

19. A process according to claim 17, wherein the aprotic 
20 inert solvent is 1, 2-dimethoxyethane . 

20. A process according to any one of claims 17 to 19, 
wherein the oxirane is ethylene oxide and wherein the 
carbonylation product comprises (3-propiolactone . 
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